In this paper, an analysis of adapted 20 extreme precipitation indices is calculated for a limited mountain area in southern Vietnam. The daily precipitation data from four stations in the period of more than 30 years are selected. The statistical characteristics of maximum, minimum, mean, standard deviation, skewness, and kurtoris for each index are also analysed. A variety of distributions such as Normal, Lognormal, Beta, Gamma, Exponential, Loglogistic, and Johnson is used to find the best fit probability distribution for this area on the basic of the highest score. The scores are estimated based on the ranking of statistical goodness of fit test. The goodness of fit tests is the Anderson-Darling and Shapiro-Wilks tests. The best fit distribution for each index of extreme precipitation at each station is found out. Results revealed that the Johnson distribution is the best fit distribution to the data of very heavy precipitation days greater than 50 mm. Over a limited mountain area, it is difficult to fit a probability distribution to the precipitation fraction due to extremely wet days, number of extremely wet days, and number of extremely wet days when precipitation greater than 99 percentage. The lognormal, Johnson, and Loglogistic distribution are the best choices to fit most of the extreme precipitation indices over this area.
Introduction
In the field of climate research, precipitation is considered to be one of the key terms for balancing the energy budget, and one of the most challenging aspects of climate modeling, especially for convection precipitation parameterization schemes. Therefore, high quality estimations of precipitation distribution, N. T. Thanh amounts and intensity are important to fully interpret the climate regime and the effects of climate on other fields (e.g., water and agriculture) at a variety of scales from global to local. For daily precipitation, a Markow chain was firstly suggested for the representation of the sequence of wet and dry days [1] . Later, this approach has been broadly used to model for the occurrences of wet and dry days (e.g., [2] [3] ). As a part of the Markow chain, a chain dependent process was also proposed to compute the distribution of the maximum amount of daily precipitation and the total amount of precipitation on the example of State College, Pennsylvania [4] . In the Markow process, an assumption of precipitation state on the next day is related to the state of precipitation on the numbers of previous days.
On a wet day as a defined precipitation amount is commonly generated using the distributions of Gamma [5] [6] [7] [8] , an exponential and a mixed Exponential distribution [9] [10] [11] , a skewed Normal [12] , and a truncated power of Normal [13] [14] . The first-order Markov chain-dependent exponential, gamma, mixed-exponential, and lognormal distributions also applied to model the daily precipitation for the observed data from 10 stations in the Yishu River [15] .
Reviews on the modeling of precipitation can be found in [9] [16] [17] [18] [19] .
Wilks [20] used the daily precipitation data from 30 locations across the USA to investigate the effects of different formulations for the occurrence-and amounts-components of stochastic daily precipitation. The study showed that a mixed exponential distribution offered an improvement only in case the extremes were not very high (less than 100 mm). The extreme daily precipitation amounts were underestimated using the Gamma model in comparison to a mixed exponential model. Semenow [21] used the weather data from 20 locations at Baker Lake, Canada, to desert at Boise, USA to investigate how well weather extreme events were simulated by weather generators. Annual maximum daily precipitation was modeled using the generalized extreme value distribution and computing confidence intervals. The results showed a good simulation for extreme events in the range of the observations with diverse climates.
Olofintoye [22] used a variety of distribution (i.e., Gumbel, Log-Gumbel, Normal, Log-Normal, Pearson and Log-Pearson distributions) to study the peak daily precipitation in Nigeria. The weather data from 20 stations were taken into account with a period of 54 years . The tests of chi-square, Fisher, correlation coefficient, and coefficient of determination were used to define how best the fits are. The results showed that the best performance of log-Pearson type III distribution, followed by the Pearson type III, and log-Gumbel with a percentage of the considered station 50%, 40%, and 10% respectively.
Su [23] performed a simulation of extreme precipitation using Wakeby distribution. Data from 147 stations in the Yangtze River Basin were selected. To quantify the high and low extreme precipitation characteristics, the distribution of probability were applied (i.e., Gerneral Extreme Value, General Pareto, General Logistic, and Wakeby). Results showed that the Wakeby distribution well simulated the probability distribution of extreme precipitation, both in observed and projected data.
In most of the hydrological models, a long series of precipitation data is significantly of great importance to assess the effects of precipitation regime on water resources, environmental and agricultural planning fields. A temporally and spatially continuous distribution of precipitation can robust the quality of computing results. However, it is quite difficult to find enough evenly spread weather variables like precipitation to cover the entire nation in general and the area of interest in particular, both in space and time resolution. The reason for this is the limitations of observation system (e.g., density of precipitation measuring network). Furthermore, insufficient terrestrial meteorological observations are considered to be the most important source of uncertainty in the different studies (e.g., [7] ). To overcome this problem, a stochastic weather generator (e.g., [24] ) is applied to produce synthetic time series of weather data of unlimited length based on the statistical characteristics of observed weather data for a given location [25] .
Located on the eastern margin of the Indochinese peninsula, Vietnam's climate is strongly dominated by a typical climate of tropical monsoon of a peninsula in the Southeast of the European-Asian continent. The geographical characteristics of Vietnam is a long coastline of 3260 kilometers, series of mountain in the direction from northwest to southeast (in the northeast mountain regions), from west to east (in the central regions), central highland, and a limited low mountain area in the Southeast Vietnam. Besides that, with a long and narrow shape, the climate of Vietnam is significantly complex from place to place and time to time. Under a global warming, change in extreme weather events (e.g., heavy precipitation) is unevenly, especially for a limited mountain area in southern Vietnam in which the weather patterns are dominated by a variety of natural conditions (e.g., oceanic air mass and elevation). Thus, it is a cruel task to analyse and define the variability in extreme precipitation characteristics as well as its distribution to get significant information for a limited area. This information will be very useful for different objects, especially in the studies in flood events, urban flooding, flash flood, or environmental planning fields.
As pointed out by the Expert Team of the World Meteorological Organization and Climate Variability and Predictability on Climate Change Detection and Indices, 11 [26] [27] and later on updated to 15 extreme precipitation indices are suggested in the climate change projects. In this study, however, adapted 20 extreme precipitation indices are analysed for a limited mountain area located in southern Vietnam. The daily precipitation at four precipitation measuring stations has been selected to find a fitted distribution of probability to mountain extreme precipitation for this area. Table 2 shows a list of extreme precipitation indices. All characteristics of precipitation are aggregated from the time scale of daily. A wet day is defined as daily precipitation greater than or equal to 0.5 mm.
Data and Methods

Data
Methods
In this study, the distribution of probability included normal, lognormal, gamma, loglogistic, beta, Johnson, and exponential were taken into account to define the best fit probability distribution for extreme precipitation. The description of various probability distribution functions and density functions, ranges and the parameters involved are shown in Table 3 . Table 3 . Description of various probability distribution functions. 
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The goodness of fit test refers to measuring how well do the compatibility of random sample with the theoretical probability distribution. A goodness of fit statistic tests is applied for testing the following null hypothesis:
H 0 : the model of extreme precipitation parameter fits the specified distribution H A : the model of extreme precipitation parameter does not fit the specified distribution.
The Anderson-Darling and Shapiro-Wilks tests were used to identify if a sample comes from a population with a specific distribution. The chi-square test at α (0.05) level of significance for the selection of the best fit probability distribution was applied. Several studies related to these tests can be found in [28] 
This test allows comparing the fit of an observed cumulative distribution function to an expected cumulative distribution function.
The Shapiro-Wilks (SW) test, suggested in [29] , calculates a SW statistic. It is defined as follows: x is the smallest). a i are constants generated from the means, variances and covariances of the order statistics of a sample of size n from a normal distribution.
( )
Results
Statistical In this study, the statistic of each test were tested at α = 0.05 level of significance. Based on minimum test statistic value, the ranking of different probability distributions were marked from 1 to 7 for the Anderson-Darling and Shapiro-Wilks tests of mentioned probability distributions. In case the value of test is not significant at α level, they are marked as zero. To find the best fit distribution, the maximum score of probability distribution was totaled based on the cumulative ranking. With the highest scored obtained is selected as the best fit distribution. The value of test is additionally considered as a criterion in case the same scores are seen between the probability distributions. The p-values of statistical tests are presented in Supplementary (from Tables 9-12 ).
Based on the calculated total test score obtained for each index for seven probability distributions, the best selected probability distributions for each data set are presented in Table 4 . These distributions were defined using maximum total score from the selected goodness of fit test. As shown in Table 4 , it is noteworthy that none of these probability distributions fits to the precipitation fraction due to extremely wet days, number of extremely wet days, number of Table 4 . Best fit probability distributions for extreme precipitation indices. 
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extremely wet days when precipitation greater than 99 percentage, and extreme heavy precipitation days (≥100 mm) at α level except the lognormal distribution is the best fit distribution to the precipitation fraction due to extremely wet days at Xuan Loc station.
It was shown that the best fit distributions of lognormal, Johnson, and loglositic fit to most of the extreme precipitation indices over this area. Specially, it was found out that the Johnson distribution is the best fit distribution to the data of very heavy precipitation days greater than 50 mm for a limited mountain area as presented in Table 4 .
Conclusions
The results indicated a large range of fluctuation during the period of study for the maximum number of consecutive wet days from 4 days (minimum) to 49 days (maximum) and the maximum number of consecutive dry days from 13 days (minimum) to 126 days (maximum), respectively. The number of heavy precipitation could be up to 25% of days in a year (e.g., at Xuan Loc station). The maximum of annual precipitation (nearly 2900 mm) was seen at Long Thanh station. Analysis results revealed a potential precipitation amount over this area.
The highest precipitation amount of 1, 3, 5, and 7-days could significantly contribute to potential the extreme flood events due to a large recorded precipitation amount.
It was seen that the best probability distributions were different for different extreme precipitation indices. In general, the distributions of Johnson, Loglogistic, and Lognormal are the best choices for most of extreme precipitation indices for a limited mountain area. Over this area, the best probability distributions are Lognormal and Loglogistic for the highest precipitation amount of 3, 5, and 7 days, respectively. Therefore, the author gives a recommendation that it should be firstly investigated the Lognormal, Loglogistic, and Johnson distributions in the studies dealing with extreme precipitation indices for other limited mountain areas in which are normally challenging to gather data. 
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